Introduction
Non-arteritic Ischemic Optic Neuropathy (NAION) (1-10) is an ischemic, non-inflammatory process involving the prelaminar, laminar and retrolaminar optic nerve. In the United States, the annual incidence of NAION is 2.3 to 10.2 per 100,000 population. There is no gender predilection, the mean age of occurrence is from 57 to 65 years, and the condition occurs with a significantly higher frequency in the white population than in Hispanic or black individuals.
NAION typically presents with painless visual loss occurring over hours to days. The visual loss is generally static though a progressive form is noted in 22% to 37% of non-arteritic cases. Most cases of NAION are idiopathic, but specific causes such as hypotension and radiation injury have been identified. About 55-80% of the visual field defects demonstrate an altitudinal, generally inferior, loss.
The visual loss from NAION generally remains stable after 2 months following the initial incident. Within 4 to 6 weeks following NAION, the optic disc becomes atrophic, either in a sectoral or diffuse pattern. Involvement of the contralateral eye occurs in 14.7% of patients with a median follow-up of 5 years. Risk factors for second eye involvement were baseline visual acuity of 20/200 or worse and diabetes. Thrombosis has been implicated but not proven as a cause of NAION. If a decrease in perfusion secondary to an obstruction and not a complete occlusion is the instigating factor then his pathologic confirmation will be elusive. Structurally small "crowded" optic discs, the "disc at risk" has been associated with the development of NAION. If a decrease in perfusion leads to axonal swelling, then a compartment syndrome may result leading to further ischemia and the development of NAION.
Histologic human studies support the concept that compromise of the posterior ciliary circulation plays a role in the development of NAION. Though the experimental development of NAION has been seen in monkeys by occluding the posterior ciliary arteries, not all non-human demonstrate permanent or transient damage following this procedure. It has been hypothesized that central retinal artery and pial arterioles anastomoses may prevent ischemia. This supportive mechanism may be absent through normal aging or from systemic disease including hypertension or atherosclerosis.
Optic atrophy represents the morphologic consequence of multiple diseases that damage the ganglion cells and axons. Though inner retinal layer atrophy is seen in eyes with NAION (11) a considerable portion of the retinal nerve fiber layer (RNFL) and the ganglion cell layer (GCC) remain in patients even with no light perception (NLP) vision (12) .
Optic disc pallor cannot be directly equated with visual function. Optic disc measurement by ocular coherence tomography (OCT) is an anatomic, not functional test. Visual field testing is a subjective test reflecting visual function.
Treatments for NAION have included anticoagulants, diphenylhydantoin, atropine sulfate, steroids and subtenons injections of vasodilators. None have been proven to be beneficial. The Ischemic Optic Neuropathy Decompression Trial demonstrated that optic nerve sheet decompression was potentially harmful (13) .
We have previously reported the treatment with BMSC of 2 patients with optic nerve disease (14, 15) . The first patient, a 32-year-old female with a 5 year history of visual loss secondary to idiopathic optic atrophy was followed at the Wilmer Eye Institute at the Johns Hopkins Hospital. Pre-treatment best-corrected visual acuity was 20/800 OD and 20/4,000 with severe visual field loss. Four months following surgery, the visual acuity had improved to 20/100 OD and 20/40 OS with improvement in the visual fields OU. At 2 years following initial treatment, and with an intervening second treatment in the Stem Cell Ophthalmology Treatment Study (SCOTS) approximately 13 months after the first, the visual improvements reached 20/40-2 OD and 20/30+2 OS.
The second patient, a 54-year-old female with Neuromyelitis Optica, was followed at the Nationwide Children's Hospital and The Ohio State University. Pretreatment, the visual acuity was 20 Unlike pharmaceutical studies in which a specific condition is treated, SCOTS focuses on the endpoint of visual loss, not the instigating cause. This allows the treatment of various retinal and optic nerve diseases, many of which are not presently the subject of clinical treatment studies, and include visual loss resulting from more than one disease.
The SCOTS procedure is patient funded and typically performed under general anesthesia. Treatment is provided in a fully licensed ambulatory surgical center in Coconut Creek, Florida.
Clinical histories

Patient 1
In 1989, this 46-year-old male experienced an acute visual loss in his right eye (OD) to counting fingers centrally with a right Marcus-Gunn afferent pupil defect. There was an altitudinal visual field defect and optic disc swelling consistent with NAION. Hematologic testing did not demonstrate vasculitis or coagulopathy risk factors. The patient's medical history was negative for diabetes, hypertension or hyperlipidemia. In 1999, at 56 years of age, he experienced visual loss of the left eye (OS) to 20/50 with arcuate and altitudinal visual field defects and disc edema OS. The visual field defects resulted in the loss of his driver's license and the loss of his manufacturing job.
In 2014, the visual acuities were stable at Count Fingers (CF) at 2 feet OD and 20/40 OS. The visual fields were unchanged from 1999. The patient was assigned to SCOTS Arm 3 OD and Arm 2 OS. Preoperative Snellen vision was 20/400 OD, pinhole (PH) no improvement (NI), and 20/50+ OS, PH NI. BMSC were administered directly into the optic nerve by vitrectomy and subtenons OD and retrobulbar, subtenons and intravitreal OS on December 12, 2014 without complication. Examination at 1, 3, and 6 months demonstrated improvement in visual acuity, peaking at 6 months with best corrected Snellen acuities of 20/150 OD and 20/30+ OS. Improvements in the Humphrey and Goldmann visual field were also observed. The macular volume measurements by OCT had peaked in thickness at 9 months post-SCOTS in each eye.
Patient 2
A 54-year-old male with a history of buried optic disc drusen acutely lost vision OD in 1980 with central scotomas and arcuate defects. An edematous optic nerve head typical of NAION was noted. Hematologic testing was unremarkable.
Twenty-seven years later, at 81 years of age, he acutely lost vision OS, similar to OD. The visual acuity was 20/400 OD and CF at 6 feet OS. In 2012, at age 86, the patient underwent cataract surgery OD. One week later he suffered a second attack of NAION OD associated with an intraocular pressure (IOP) spike to 43. Despite normalization of the IOP, over the next 10 days the vision OD declined rapidly to hand motions (HM). A radial optic neurotomy OD was performed and the visual acuity improved to 20/100 OD. Visual fields demonstrated central scotomas and both superior and inferior arcuate defects OU. There was no spontaneous improvement over the following 2 years. He chose to participate in the SCOTS study on 10/7/14. Preoperative Snellen vision was 20/200 OD, PH NI, and CF 3 feet OS, PH NI. The patient was assigned to Arm 2 OD and Arm 3 OS and the procedures were performed without complication. The Humphrey visual field demonstrated improvement at 3 months OD and OS was unchanged. The maculae demonstrated thickening by OCT at 3 months. At 9 months, the best corrected Snellen visual acuity OD was 20/100-1 and OS remained CF 3 feet.
Patient 3
A 56-year-old male experienced an acute decrease in visual acuity OD in 2004. The visual acuity OD was 20/40, an inferonasal visual field defect was noted, and dilated fundus examination demonstrated a swollen optic disc, typical of NAION. Hematologic evaluation revealed a heterozygous positive Leidin Factor V and a homozygous positive MTHFR mutation. He was treated with aspirin and folic acid. In 2013, he experienced acute visual loss OS to counting fingers. The patient was assigned to SCOTS Arm 2 OD and Arm 3 OS. Preoperative Snellen vision was 20/30-2 OD, PH NI, and CF 6 feet OS, PH NI. On 10/21/14, he underwent the procedure. One year postoperatively, the Snellen visual acuity OD was 20/30-1. Vision was CF 3 feet OS. There was no change in the Humphrey visual field mean deviation scores on static perimetry OU. OCT at 12 months post-SCOTS showed improved macular volume thicknesses OU slowly improving from month 4 to 12 OD, and immediately improved at 2 weeks OS, the improvement persisting at 12 months.
Patient 4
In 1997, 3 days after cataract surgery, a 41-year-old male suddenly lost the vision OS. His medical history was significant for a 10-year history of diabetes complicated by proliferative diabetic retinopathy OU, treated with panretinal photocoagulation, and cataracts. On examination, disc edema, consistent with NAION was noted. 
Patient 6
A 75-year-old female had a 30-year history of type 2 diabetes and ulcerative colitis, and a 10 year history of hypothyroidism. In 2005, she developed congestive heart failure and acutely lost vision OD. The patient underwent cataract surgery later that year OU and postoperatively her visual acuities were 20/40 OD and 20/60 OS. There was a right afferent pupil defect and no color vision consistent with NAION OD, and the left with macular pigment disruption.
In 2008, she acutely lost vision OS and was diagnosed with NAION. Hematologic evaluation was negative for vasculitis or coagulopathy. There was a left Marcus-Gunn afferent pupil defect. The visual acuity was 20/150 OD and HM OS, and her left disc was edematous. Retinal e x a m i n a t i o n d e m o n s t r a t e d a g e -r e l a t e d m a c u l a r degeneration, OS more prominent than OD, and microaneurysms with leakage from background diabetic retinopathy OU. Later in 2008, she noted a new blind spot OS. Subretinal fluid was noted at the left macula, and she was treated with three intravitreal injections of Avastin. In 2012, she again lost vision and now was unable to read. She had a new right homonymous hemianopsia with dyslexia. A brain CT scan showed no hemorrhage but multifocal areas of ischemia in both hemispheres and a left temporal focal lesion. On 8/12/14, the visual acuity was 20/100 OD and CF at 1 foot OS with a left afferent pupillary defect. She was unable to see the Ishihara color plates with either eye. She was also unable to perform the Humphrey visual field with either eye, but the Goldmann kinetic visual field showed a right homonymous hemianopia and small left homonymous islands OU. At 84 years of age, she enrolled in SCOTS and on 12/2/14 underwent Arm 2 stem cell therapy OU. Preoperative Snellen vision was CF 4 feet OD, PH NI, and CF 3 feet OS, PH NI. At 1 month postoperatively, her right eye saw 8/10 color plates. At three months postoperatively, her right homonymous was now predominantly a superior quadrantanopsia, she was able to see and read J (Jaeger) 5, the first near reading in almost 5 years. At the 6 month postoperative visit Snellen acuities were 20/150 OD and 20/400 OS. There was improvement in the visual fields in both homonymous hemifields. At 3 months the macular OCT had an average volume of 6.028 OD and 5.896 OS. This was an improvement over the pre-operative macular OCT OD but a slight loss in the left eye's macular thickness.
Patient 7
A 50-year-old male with type 2 diabetes and hypertension, acutely lost vision OD in 1997 from NAION. No infectious or inflammatory trigger was found. In 2007 he was diagnosed with a myocardial infarct and required four stents. He was treated with amiodarone for an ongoing arrhythmia. Months later, the patient lost color vision in both eyes and acutely lost vision OS associated with disc swelling. He was diagnosed with a combination of both papilledema and left NAION. 
Patient 9
A 73-year-old male with NAION was diagnosed in 2004 primarily with peripheral vision impairment and reduced central vision. There had been consideration of amiodarone toxicity as it had been prescribed in 2003 following an initial aortic dissection. Toxicity typically includes the presence of optic disc edema and an improvement in acuity after discontinuation of the drug. In this patient no optic disc edema was noted nor was there subsequent improvement suggesting the diagnosis was NAION. 
Discussion
The hope of regenerative medicine is to understand and control human cell function leading to advances in the treatment of presently untreatable medical conditions. In this report the average patient age was 69.8 years. The average period of time between onset of NAION in an eye and treatment in SCOTS was 9.8 years and ranged from 1 to 35 years. Snellen visual acuity lines of vision change were derived from LogMAR conversion. CF or HM acuity However the eyes treated in Arm 3 had poorer visual acuity pre-operatively and this may have impaired the potential of the eyes to improve ( Table 2) . Subjective and quality of life changes ranged from stunning joy (2 of the 10 patients, both able to get a new driver's license), to gratefulness regarding improved brightness, clarity, return of color vision, expanded visual field and ability to ambulate. BMSC have been investigated in the treatment of various conditions including orthopedic, cardiovascular, neurologic and ocular diseases. BMSCs are capable of differentiating into neuron-like cells (17) (18) (19) (20) . They have been demonstrated to provide neurotrophic factors that promote the regeneration of axons and protect retinal ganglion cells (RGC) and to integrate into existing neural networks thus re-establishing neural connections. Treatment with autologous BMSCs avoids the need for immunosuppression, does not result interatomic formation, and has no ethical or moral objections (21) . In a rat model of glaucoma, the BMSCs, following transplantation into the vitreous cavity, did not engraft, but there was a 10-20% increase in the number of surviving RGC (22, 23) . In a transection/crush model of the optic nerve, BMSC doubled the number of regenerating axons 100-1,200 μm distal to the lesion site compared to a control group. In addition, RGC survival increased by 15-28%, 8-28 days after the injury (24) (25) (26) . The authors concluded that the neuro protective effects were achieved through retinal glia activation and glia-mediated neuro protection or through signaling between the stem cells and the damaged RGCs. BMSCs have been detected months after implantation into the vitreous cavity of the eye although no retinal engraftment was detected (27) . Johnson et al. determined that the retinal glia is the barrier to retinal engraftment indicating that the direct placement of BMSCs into the retina or optic nerve may be of benefit (28, 29) . In a chemically induced rotenone murine model of LHON, Mansergh et al. suggested that the use of stem cells would be capable of protecting visual function. They noted that cultured retinal progenitor cells can integrate close to the ganglion cell layer and maintain retinal function as ascertained by manganese-enhanced magnetic resonance imaging (MRI) (30) . The implication of visual improvement following NAION is that some cells are capable of "healing" following the initial incident. The possibility exists that at the margin of the dead cells are cells that are not functional but not dead and are capable of being "reactivated".
There have been a number of mechanisms identified for the effects of BMSC including MSC-derived exosomes providing microRNA (31, 32) , presence of growth factors including brain-derived neurotrophic growth factor (BDNF) (33) nerve growth factor (NGF), glial cell linederived neurotrophic factor (GDNF) (34) , paracrine effects (35, 36) as well as transdifferentiation of the stem cells. Vaquero and Zurita [2009] reviewed neuronal transdifferentiation of BMSC and considered the presence of neurotrophic factors in the local environment to be important for in vivo transdifferentiation. They cited previous work in which they identified ascendant and descendent axons in regenerated nervous tissue following intralesional spinal cord administration of BMSC in a murine model (37) . Intravitreal BMSC as provided in SCOTS were identified by Kim et al. [2016] as CD34+ and could be seen transdifferentiating into NeuN-positive neuronal cells (38) . As noted by Mullen et al. [1992] , NeuN is a neuron specific nuclear protein considered a marker for neurons of the central and peripheral nervous system (39) . Lin et al. [2013] reported that BMSC promoted neurite outgrowth through neurotrophic factors in vitro including BDNF, NGF and GDNF (40) . Our opinion is that, depending on the disease mechanisms, one or more of these methods may predominate and provide a beneficial outcome in various retinal and optic nerve disease.
This report demonstrates that eyes with NAION of many years duration may be capable of recovery of vision through the delivery of autologous BMSC by methods developed in the Stem Cell Ophthalmology Treatment Study (SCOTS). Statistically significant improvements in the visual acuity of individual eyes and of binocular vision in this condition have been shown.
